The vegetation of mesic grasslands distributed in the central part of Western Bulgaria is studied. A significant number of 533 relevés were made following the Braun-Blanquet approach. Classification and ordination of the vegetation was performed. The vegetation is classified up to alliance level. The result of the classification are four groups which correspond to the alliances Arrhenatherion elatioris, Cynosurion cristati and Trifolion medii. Within Cynosurion alliance two well distinct subgroups are observed, differing in moisture of the substrate -provisionally called "wet" and "dry" Cynosurion. Ellenberg Indicator Values are used for assessment of ecology of the habitats. The pasture/mowing management of the studied vegetation types is commented. Key words: Arrhenatherion, Bulgaria, classification, Cynosurion, formal definitions, mesic grasslands, ordination, Trifolion medii.
INTRoDUCTIoN
The mesic grasslands encompass mostly meadows of high productivity in the lowlands up to the sub-mountain level, that are of significant value for practical and nature conservation purposes. We considered as target vegetation during the field work the content of Arrhenatheretalia ela tioris Tüxen 1931 order which according to Ellenberg (1988) has suboceanic submeridional distribution. In south-Eastern Europe this vegetation type is less frequent as compared to Western Europe due to limited moisture. Horvat et al. (1974) explain also this limitation with distribution boundaries for many diagnostic species in the region. The diversity of these community types in Central Europe has been well studied (Ellmauer & Mucina 1993 , Dierschke 1995 , Chytrý 2007a , janišová 2007 . For the Balkan Peninsula, a significant amount of information about the vegetation concerned is provided by Horvat et al. (1974) , Kojić et al. (1998) and Zelnik (2007) . Development and implementation of the recent nature conservation initiatives, namely designation of High Nature Value grasslands (see Veen et al. 2009 ) requires better knowledge on the species composition, ecological conditions and syntaxonomical diversity of this vegetation.
For the territory of Bulgaria there was no comprehensive information about the diversity of mesic grasslands based on the floristic-ecological studies (see Apostolova & slavova 1997) . Tzonev et al. (2009) report three associations and one community, assigned to Arrhenatheretalia order, published in the last ten years for the country. The deficiency in the knowledge of Bulgarian meadows has started to be rectified by recent studies on Cy nosurion cristati (Dimitrov 2001 (Dimitrov , 2004 Apostolova & Meshinev 2006; Pavlov et al. 2006) , Arrhenath erion elatioris (Pavlov et al. 2006; Apostolova et al. 2007) and Trifolion medii (Meshinev et al. 2005) .
Despite the remarkable progress in implementation of the Braun-Blanquet approach in Bulgaria in the past decade it could be argued that the classification of mesic grasslands is still at the beginning.
The aim of the current study is to establish the high rank syntaxa of the mesic meadows and pastures from the central part of Western Bulgaria, and to provide coherent environmental characteristics for their habitats.
MATERIAl AND METHoDs

study area
The studied area is situated in the central part of Western Bulgaria (Figure 1 ). The total observed area is 10 796 sq. km., which is approximately a 1/10 part of the territory of the country. According to the climatic division of Bulgaria (Velev 2002 ) the studied area falls into temperate-continental and transitional-continental regions. The climate in these regions is characterized by warm summers and cold winters and by a high annual amplitude of air temperature. An ombrothermic climatic diagram from sofia observatory (situated at the centre of the investigated area) is given in Figure 2 according to lieth et al. (1999) . The base rock is mainly silicate. 
Field sampling
The sample plots were set in a manner to cover uniformly the whole area. Altogether 533 relevés within the period 2007-2009 were obtained. During the field sampling we focused on the vegeta- tion that ecologically and floristically seemed to belong to Arrhenatheretalia order. The relevés are sampled following the classical approach (BraunBlanquet 1965 , Westhoff & van der Maarel 1973 . This relevé type is suitable both for classification and ordination (Whittaker 1973) . The form of the sample plots is square with an area of 16 sq. metres which is recommended for mesic meadows (Mueller-Dombois & Ellenberg 1974 , Knapp 1984 , Kent & Coker 1992 , Chytrý & otýpková 2003 , van der Maarel 2005 , otýpková & Chytrý 2006 . The sample plots are chosen in the most homogeneous part of the community. species are estimated by the expanded combined scale for cover/abundance of Braun-Blanquet (Barkman et al. 1964 , van der Maarel 1979 , Parolly 2003 . This scale is a good alternative to the classical (7-point) scale of Braun-Blanquet, which is relatively insensitive in the range covered by category "2". The expanded 9-point scale gives greater importance to the abundance (van der Maarel 1979 , Parolly 2003 . soil samples were taken from the depth range of 0-10 cm. Determination of pH was provided by pH-meter "jenway 3310" in H 2 o solution with a soil:water ratio of 1:5, which macerates for at least 18 hours (Iso 10390: soil quality -Determination of pH). After every 10 soil samples the pH-meter was calibrated by HANNA Instruments buffer solutions (pH 4.01; pH 7.01; pH 10.01).
Pasture management is estimated categorically: 0 -not grazed, 1 -low intensity of grazing, 2 -moderate intensity of grazing, 3 -high intensity of grazing. Mowing management is estimated by two categories: 0 -not mown, 1 -mown.
Data processing
All the relevés are stored in TURBoVEG database (Hennekens & schaminèe 2001) . Before conducting any analysis the data were normalized by "square root transformation" (McDonald 2008) . The classification was made using the program TWINsPAN (Hill 1979) and is performed within the software package jUICE 7.0 (Tichý 2002 , Tichý & Holt 2006 .
Formal definitions were assessed for all alliances using combinations of sociological species groups and species dominance. The sociological groups were generated by the Cocktail method (Bruelheide 1995 (Bruelheide , 2000 Delimitation of syntaxa is obtained using the logical operators: AND, oR and NoT. These operators determine which sociological group is to be presented or absent in a relevé, so that the relevé can be referred to the relevant syntaxon (Bruelheide 1997 , Chytrý 2007b Environmental conditions in the habitats were assessed using the Ellenberg Indicator Values (EIV) according to Ellenberg et al. (1992) . All variables (EIV, total cover, altitude, soil pH) are summarized and presented by seven box and whisker plots. The observed differences in variables among the studied vegetation units were tested by one-way ANoVA with Bonferroni (in case of equal variances) and Tamhane (in case of unequal variances) post-hoc tests. The homogeneity (equality) of variance assumption was tested by levene's test (levene 1960) . A multiple comparison of the summarized variables is revealed in order to show which of them differ statistically significantly among the studied vegetation units. The univariate statistic analyses were performed by sPss 16.0 software.
The species in the synoptic table (Table 1) are represented by two indicators: Fidelity measure, expressed by the Phi-coefficient (Chytrý et al. 2002) and Constancy, expressed in percentages. The Phi-coefficient values depend on the size of the syntaxa. This problem is avoided by virtual standardizing of the volume of the obtained clusters using the software package jUICE. Phi-coefficient calculated under the standardized database is independent of the actual differences in the volume of any group (Tichý & Holt 2006) . The values of Phi-coefficient are corrected using Fisher`s exact test. This is done in order to eliminate the values of Phi-coefficients which are statistically insignificant.
The quality of the classified syntaxa is ex-pressed by sharpness and Uniqueness indexes.
A vegetation unit has a high sharpness index if most of its species are frequent in it, while they are rare or absent in the other clusters in the database. The Uniqueness index searches syntaxa which are unique in a database. It shows whether there are similar vegetation units of the same rank in the dataset. These two indices consider the diagnostic species. The analyses of these indicators express well-defined and poorly defined vegetation units (Chytrý & Tichý 2003) . Dominant and constant species are listed for every alliance. species with coverage above 25 % in 5 % of the relevés in any cluster are considered as dominant. Constant species are those having at least 50 % presence in a cluster.
Before determination of formal definitions, dominant and constant species of the two subgroups of Cynosurion alliance were merged into one cluster.
Nomenclature
Taxonomy of the species follows Kozhuharov (1992) and Delipavlov & Cheshmedjiev (2003) . Diagnostic species are selected according to Resmeriţă (1970) , Boşcaiu (1971) , Dihoru (1975 Dihoru ( ), lopez (1978 , Zuidhoff et al. (1995) , Dierschke (1997) , Micina (1997 Micina ( ), sanda et al. (1997 , Čarni (1997, 2005) 
REsUlTs
Classification and ordination
The TWINsPAN classification and the DCAordination analysis of the relevés distinguished four groups (Table 1, Figure 3 ) which correspond to the alliances Trifolion medii, Cynosurion cristati with two well delimited subgroups with respect to the soil moisture provisionally called "dry" and "wet" type and Arrhenatherion elatioris.
The largest number of relevés is confined to the Arrhenatherion elatioris. Although species diversity per sample plot is lowest (36) as compared to the other studied groups, the total species sampled within this alliance numbers 411. Arrhenath erion alliance is defined by a very low sharpness index (9.14), which is a result of many generalist species presented. similar could be stated for the "dry" Cynosurion which has a sharpness index of 3.78. on the other hand the "wet" Cynosurion includes species which are not presented in the rest of the data, and the Uniqueness index has the highest value of 42 within the studied samples. 
Ecological differences among alliances
Trifolion medii occupies habitats with most dry soils, the lowest values of pH and with a minimum of nutrients ( Figure 5 ). This alliance shows a resemblance to "dry" Cynosurion. The latter, in turn, shows the least expressed specifics for environmental factors in comparison with the other three vegetation units. The wettest sites are occupied by the "wet" Cynosurion. Arrhenatherion alliance is well distinguished by many variables compared to the other vegetation units (Table 3) . 
Description of particular alliances
In order to present the characteristics of the obtained alliances in the studied area a short description is provided for each of them: Soil pH optimum: from medium acidic to slightly acidic (5.5-6.3).
Altitude range: 359-1629 m. Base rock: silicate. The TWINsPAN divides these relevés into two groups which share the diagnostic species of the alliance. Irrespective of this division, the two groups relate to Cynosurion. The floristic similarity can be seen in Figure 3 where the two groups are not clearly separated but overlap to a large extent, unlike the other two alliances. The vegetation of alliance Cynosurion is used as pastures and hay-making meadows. In the dry subgroup grazing and mowing are dealt evenly, but in the wet subgroup there is observed a significant prevalence of mowing. This vegetation has the highest total cover (Figure 5 ), which emphasizes its high agricultural value. The "dry" Cynosurion is the only vegetation type managed at some places by an intensive grazing regime (Figure 4) . Soil pH optimum: from medium acidic to slightly acidic (5.9-6.7).
Arrhenatherion elatioris luquet 1926
Altitude range: 472-1143 m. Base rock: in 90 % of the localities is silicate and in 10 % is limestone.
Communities confined to Arrhenatherion alliance are widespread in the studied area. They occupy mainly the lowest altitudes, close to settlements and agricultural fields. some sample plots are arable lands, abandoned since 1990s, which have been recovered by the species pool of the adjacent not utilized areas. This is a reason for high fidelity coefficients for Lathyrus aphaca, Dipsacus laciniatus, Vicia pannonica, V. grandi flora, Convolvulus arvensis (Table 1) . Currently these grasslands are utilized as pastures and haymaking meadows with a noticeable prevalence of mowing (Figure 4 ).
DIsCUssIoN
The mesic grasslands in the lowlands and hilly regions of western Bulgaria are classified into two distinct classes (TrifolioGeranietea Müller 1962 and MolinioArrhenatheretea Tüxen 1937) . It was not surprising that within the mesic grasslands the Trifolion medii alliance was also recognized, because it is pointed out by Čarni (2005) as "the most humid and rich in nutrients" representative of the class TrifolioGeranietea. The presence of Trifolion medii within the vegetation targeted in this study reveals its ecological similarity with Arrhenatherion and Cynosurion. The fringe vegetation (like Trifolion medii) is a good example of ecotone habitats that contain a significant number of species, coming from surrounding areas (Valachovič 2004) . The floristic composition of fringe communities as semi-natural grasslands largely depends on human activity, and despite the very low intensity of mowing and grazing, the management preserves the grasslands from further development into shrublands. In Bulgaria, similarly to other parts of Europe, Trifolion medii communities contain species diagnostic for other syntaxa (see Table 1 ). This is a reason why its position into the higher syntaxa varies significantly among different authors. Čarni (1997, 2005) Čarni et al. 2000 Čarni et al. , Valachovič 2004 . The close vicinity of other semi-natural vegetation types managed as pastures or meadows for a long time supports transference of many species diagnostic for Fes tucoBrometea and MolinioArrhenatheretea into the fringe communities where these species fall into similar ecological conditions. In the present study we obtained data showing that, floristically and ecologically, Trifolion medii is close to Cynosu rion and especially to its "dry type" (Figure 3 , Table 3 ).
According to Dierschke (1999) Cynosurion cristati is characterized by a pronounced absence of good diagnostic species. This alliance has been defined negatively in comparison with the haymaking meadows of the alliances Arrhenatherion and PolygonoTrisetion and with the pastures of the alliance Mesobromion (Zuidhoff et al. 1995) . Horvat et al. (1974) mention that in the Balkans the Cynosurion vegetation is managed in a different way as compared to Central Europe, where it is managed as pastures and in many cases is maintained by manuring. In Bulgaria neither of the Cy nosurion types is enhanced by man. Nevertheless the vegetation is composed of the same species which have emphasized European or Euro-Asiatic distribution (see table 1 ). only a few specific Balkan plants are included in the floral diversity. The same is obvious also for Arrhenatherion. This brings us to the conclusion that lowland mesic grasslands in the studied area do not exhibit a particular south-East European specificity. Further, this fact also allows us to use Ellenberg Indicator Values for Bulgarian mesic meadows, in spite of their origin in the Central Europe.
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6. REFERENCEs Apostolova, I. & slavova, l. 1997 (Chytrý & al. 2002) and Constancy, expressed in percentages. Tabela 1: Sinoptična tabela proučevanih vegetacijskih tipov. Vrste so predstavljene z dvema indikatorjema: mero naveznosti, kot Fi koeficient (Chytrý & al. 2002) Abbreviations: A = altitude, Cov = total cover, Cont = continentality, L = light, M = moisture, N = nutrients, pHED = empirical obtained soil reaction, pHEll = soil reaction obtained using EIV, rich = species richness, T = temperature. Tabela 3: Primerjava rastiščnih faktorjev med obravnavanimi zvezami z enosmerno analizo variance (ANOVA) z posthoc testi (Bonferroni in Tamhane). Prikazane so samo spremenljivke, ki so statistično signifikantne (P<0.05). Okrajšave: A = višina, Cov = skupna pokrovnost, Cont = kontinentalnost, L = svetloba, M = vlažnost, N = hranila, pHED = izmerjena rekacija tal, pHEll = rekacij tal z EIV, rich = število vrst, T = temperatura. 
